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(57) ABSTRACT

There 1s provided a battery pack system that allows an
output limit during short-time discharging and long-time
discharging of a secondary battery, and limits the output
appropriately upon request of a vehicle. An output limiting
section 104 1s provided for changing a limit value of output
clectric power from the secondary battery when voltage data
V (n) from a voltage measuring section 102 reaches a
predetermined discharging termination voltage. The output
limiting section 104 has short-time output information (Pp)
for allowing short-time discharging of the secondary battery
and normal output information (Pn) for allowing long-time
discharging of the secondary battery, and sets a first dis-
charging termination voltage (V1) during short-time dis-
charging to be lower than a second discharging termination
voltage (V2) during long-time discharging.

10 Claims, 4 Drawing Sheets
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APPARATUS AND METHOD FOR
CONTROLLING OUTPUT OF SECONDARY
BATTERY, BATTERY PACK SYSTEM, AND

ELECTRIC VEHICLE

TECHNICAL FIELD

The present ivention relates to a techmque for control-
ling the maximum output of a secondary battery such as a
nickel-metal hydrnide (Ni1-MH) battery to be mounted as a
power source for a motor and a driving source for various
loads, 1n motor-driven vehicles such as a pure electric
vehicle (PEV), a hybnd electric vehicle (HEV), a hybnd
vehicle with a fuel cell and a battery, and the like.

BACKGROUND ART

Conventionally, mm an HEV, when an output from an
engine 1s large with respect to the motive power required for
driving, an electric generator 1s driven with surplus motive
power to charge a secondary battery. On the other hand,
when an output from an engine 1s small, a motor 1s driven
with the electric power from a secondary battery to output
supplementary motive power. In this case, a secondary
battery 1s discharged. When a secondary battery 1s mounted
on an HEV or the like, 1t 1s necessary to maintain an
appropriate operation state by controlling such charging/
discharging, etc.

In this case, it 1s 1important in battery control to perform
output control for limiting the electric power supplied from
a secondary battery. The output control aims at preventing
damage and deterioration of the battery and increasing its
life by transmitting information about the maximum output
that can be discharged from the secondary battery, from an
clectronic control unit for a battery (hereinafter, abbreviated
as a “battery ECU”) to an electronic control umt for a
vehicle (hereinafter, abbreviated as a “vehicle ECU”).

The maximum output 1s determined 1n view of the balance
between the electric power required by the vehicle for the
battery and the holding time with the electric power. Both
factors are important since they have an effect on drivability
during driving.

Generally, the minimum voltage (discharging termination
voltage) of the battery 1s set, and an output 1s limited when
the mimimum voltage 1s reached due to discharging. FI1G. 4
shows an example of a change with the passage of time 1n
a battery voltage Vb (voltage per block) and an output limait
value Pout 1n a conventional output control method. In FIG.
4, the discharging termination voltage 1s set to 12.0 V, and
the maximum output 1s limited to 20 kW. When the battery
voltage Vb 1s decreased by discharging to reach 13.0V as an
output limit preparatory voltage 1n a normal output mode
(ime nterval T1), a preparatory stage (time interval T2:
about 10 seconds, for example) for an output limit 1s started.
When the battery voltage Vb further 1s decreased to reach
12.0 V as the discharging termination voltage, an output
limit mode (time interval T3) 1s started, where the output
power Pout gradually 1s decreased (e.g., maximum decrease
of 2 kW/second in rated output 1n FIG. 4) every time the
battery voltage Vb reaches the discharging termination volt-
age (12.0 V).

However, when the holding time with the maximum
output 1s made longer, the maximum output value becomes
lower. Consequently, the burden on the engine of a vehicle
side 1s increased 1n the case of an HEV or the like. On the
other hand, when the holding time 1s made shorter, a high
output can be realized in a moment. However, the battery
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voltage 1s decreased and an output 1s limited 1mmediately,
resulting 1n a drastic decline in drivability.

Steady driving 1s given top priority 1n vehicle control.
Thus, the battery ECU has to transmit normal output infor-
mation for longer holding time to the vehicle ECU rather
than short-time output information for a high output only for
a short time (e.g., several seconds or less).

DISCLOSURE OF INVENTION

The present invention has been achieved in view of the
above problems, and its object 1s to provide an apparatus and
a method for controlling an output of a secondary battery
that allows an appropriate battery output upon request of a
vehicle by using two pieces of information, 1.e., short-time
output information and normal output information; a battery
pack system using the apparatus and the method; and a
motor-driven vehicle with the battery pack system mounted
thereon.

In order to achieve the above-mentioned object, a first
apparatus for controlling an output of a secondary battery
according to the present invention includes: a voltage mea-
suring section for measuring a terminal voltage of a sec-
ondary battery as voltage data (V (n)); and an output limiting
section for changing a limit value of output electric power
from the secondary battery when the voltage data from the
voltage measuring section reaches a predetermined dis-
charging termination voltage. The output limiting section
has short-time output information for allowing short-time
discharging of the secondary battery and normal output
information for allowing long-time discharging of the sec-
ondary battery, and sets a first discharging termination
voltage (V1=9.6 V as a block voltage, for example) during
short-time discharging to be lower than a second discharging
termination voltage (V2=12.0 V as a block voltage, for
example) during long-time discharging.

In order to achieve the above-mentioned object, a second
apparatus for controlling an output of a secondary battery
according to the present invention includes: a voltage mea-
suring section for measuring as voltage data (V (n)), a
terminal voltage of a battery pack that includes a combina-
tion of a plurality of cells as secondary batteries and 1s used
in an intermediate state of charging; and an output limiting
section for changing a limit value of output electric power
from the secondary battery when the voltage data from the
voltage measuring section reaches a predetermined dis-
charging termination voltage. The output limiting section
has short-time output information for allowing short-time
discharging of the secondary battery and normal output
information for allowing long-time discharging of the sec-
ondary battery, and sets a first discharging termination
voltage (V1=9.6 V as a block voltage, for example) during
short-time discharging to be lower than a second discharging
termination voltage (V2=12.0 V as a block voltage, for
example) during long-time discharging.

In each of the first and second apparatuses for controlling
an output of a secondary battery, 1t 1s preferable that when
the voltage data from the voltage measuring section reaches
the first discharging termination voltage, the output limiting
section changes the limit value of output electric power from
a secondary battery so that the voltage of the secondary
battery returns to the second discharging termination voltage
within seconds.

In each of the first and second apparatuses for controlling,
an output of a secondary battery, 1t 1s preferable that the
output limiting section sets the limit values of output electric
power during short-time discharging and long-time dis-
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charging to the same value, and changes the limit value of
output electric power from a secondary battery based on the
second discharging termination voltage until the voltage
data from the voltage measuring section reaches an output
limit canceling voltage (V3=15.3V, for example).

In each of the first and second apparatuses for controlling
an output of a secondary battery, 1t i1s preferable that the
output limiting section lowers the limit value of output
clectric power from a secondary battery every time the
voltage data from the voltage measuring section reaches the
second discharging termination voltage.

In each of the first and second apparatuses for controlling,
an output of a secondary battery, 1t 1s preferable that short-
time discharging lasts for seconds and long-time discharging,
lasts for minutes.

It 1s preferable that each of the first and second appara-
tuses for controlling an output of a secondary battery further
includes a temperature measuring section for measuring the
temperature ol a secondary battery as temperature data, and
the output limiting section changes the limit value of output
clectric power from the secondary battery according to the
temperature data from the temperature measuring section.

In this case, 1t 1s preferable that the output limiting section
includes a look-up table that previously stores the limit value
of output electric power from a secondary battery with a
temperature being a parameter, and changes the limit value
of output electric power from the secondary battery based on
the look-up table.

In each of the first and second apparatuses for controlling
an output ol a secondary battery, the secondary battery 1s a
nickel-metal hydrnide secondary battery.

In order to achieve the above-mentioned object, a first
battery pack system according to the present invention
includes: the second apparatus for controlling an output of a
secondary battery; and a battery pack. In this case, it 1s
preferable that the second apparatus for controlling an
output of a secondary battery 1s configured as a computer
system.

In order to achieve the above-mentioned object, a first
motor-driven vehicle according to the present mnvention has
the first battery pack system mounted thereon. In this case,
it 1s preferable that the second apparatus for controlling an
output of a secondary battery 1s configured as a computer
system.

In order to achieve the above-mentioned object, a first
method for controlling an output of a secondary battery
according to the present mvention includes: measuring a
terminal voltage ol a secondary battery as voltage data; and
changing a limit value of output electric power from the
secondary battery when the voltage data reaches a prede-
termined discharging termination voltage. Short-time output
information for allowing short-time discharging of the sec-
ondary battery and normal output information for allowing
long-time discharging of the secondary battery are provided,
and a first discharging termination voltage during short-time
discharging 1s set to be lower than a second discharging
termination voltage during long-time discharging.

In order to achieve the above-mentioned object, a second
method for controlling an output of a secondary battery
according to the present invention includes: measuring as
voltage data, a terminal voltage of a battery pack that
includes a combination of a plurality of cells as secondary
batteries and 1s used 1n an intermediate state of charging; and
changing a limit value of output electric power from the
secondary battery when the voltage data reaches a prede-
termined discharging termination voltage. Short-time output
information for allowing short-time discharging of the sec-
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ondary battery and normal output information for allowing
long-time discharging of the secondary battery are provided,
and a first discharging termination voltage during short-time
discharging 1s set to be lower than a second discharging
termination voltage during long-time discharging.

In each of the first and second methods for controlling an
output of a secondary battery, 1t 1s preferable that when
measured voltage data reaches the first discharging termi-
nation voltage, the limit value of output electric power from
a secondary battery 1s changed so that the voltage of the
secondary battery returns to the second discharging termi-
nation voltage within seconds.

In each of the first and second methods for controlling an
output of a secondary battery, 1t 1s preferable that the limait
values of output electric power during short-time discharg-
ing and long-time discharging are set to the same value, and
the limit value of output electric power from a secondary
battery 1s changed based on the second discharging termi-
nation voltage until measured voltage data reaches an output
limit canceling voltage.

In each of the first and second methods for controlling an
output of a secondary battery, 1t 1s preferable that the limat
value of output electric power from a secondary battery 1s
lowered every time measured voltage data reaches the
second discharging termination voltage.

In each of the first and second methods for controlling an
output of a secondary battery, it 1s preferable that short-time
discharging lasts for seconds and long-time discharging lasts
for minutes.

In each of the first and second methods for controlling an
output ol a secondary battery, it 1s preferable that the
temperature of a secondary battery 1s measured as tempera-
ture data, and the limit value of output electric power from
the secondary battery 1s changed according to the measured
temperature data.

In this case, 1t 1s preferable that the limit value of output
clectric power 1s changed based on a look-up table that
previously stores the limit value of output electric power
from a secondary battery with a temperature being a param-
eter.

In each of the first and second methods for controlling an
output ol a secondary battery, the secondary battery 1s a
nickel-metal hydrnide secondary battery.

In order to achieve the above-mentioned object, a second
battery pack system according to the present invention
includes: the computer system for performing the second
method for controlling an output of a secondary battery; and
a battery pack.

In order to achieve the above-mentioned object, a second
motor-driven vehicle according to the present invention has
the second battery pack system mounted thereon.

According to the configuration and the method as
described above, the output value of a secondary battery can
be set appropriately upon request of a vehicle such as an
HEV by using two pieces of information, 1.e., the short-time
output information and the normal output information. For
example, by allowing the vehicle to have a high output for
a short time, the secondary battery also can be used to start
the engine, change the gear, and the like.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing an exemplary con-
figuration of a battery pack system according to one embodi-
ment of the present invention.
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FIG. 2 1s a flow chart showing a processing procedure in
a method for controlling an output of a secondary battery
according to the present embodiment.

FIG. 3 1s a diagram showing an example of a change with
the passage of time 1n a battery voltage Vb (voltage data V
(n)) during short-time discharging, a short-time output limait
value Pp, and a normal output limit value Pn 1n the output
control method of the present embodiment.

FI1G. 4 15 a diagram showing an example of a change with
the passage ol time 1n a battery voltage Vb and an output
limit value Pout in a conventional output control method.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Hereinatter, a preferred embodiment of the present inven-
tion will be described with reference to the drawings.

FIG. 1 1s a block diagram showing an exemplary con-
figuration of a battery pack system 1 according to one
embodiment of the present invention. In FIG. 1, the battery
pack system 1 includes a battery pack 100 and a battery ECU
101 including an output control apparatus according to the
present mvention as a part ol a microcomputer system.

Generally, 1n the battery pack 100 to be mounted on an
HEV or the like, plural battery modules (cells) including
plural cells such as mickel-metal hydride batteries connected
clectrically 1n series are connected electrically in series,
whereby a predetermined output for a motor 1s obtained. In
the present embodiment, 2 modules form 1 block, and 20
blocks form the battery pack 100. However, the configura-
tion of the present invention 1s not limited thereto.

In the battery ECU 101, reference numeral 102 denotes a
voltage measuring section for measuring a terminal voltage
(block voltage) of the secondary battery 100 detected by a
voltage sensor (not shown) at a predetermined sampling
period as voltage data V (n), and 103 denotes a temperature
measuring section for measuring a temperature of the battery
pack 100 detected by a temperature sensor (not shown) as
temperature data T (n).

Reference numeral 104 denotes an output limiting section
including information (Pp) about a short-time output value
at which the secondary battery can be discharged with a high
output for a short time (within seconds), and information
(Pn) about a normal output value at which the secondary
battery can be discharged with a normal output for a long
time (within minutes) 1n a look-up table (LUT) 1041. The
LUT 1041 previously stores information about the limuit
value of output electric power with a temperature being a
parameter. The output limiting section 104 sets the battery
voltage for limiting an output to a first discharging termi-
nation voltage (V1=9.6 V, for example) during short-time
discharging, and sets the battery voltage for limiting an
output to a second discharging termination voltage
(V2=12.0 V, for example) during long-time discharging.

When being notified from a vehicle ECU that a high
output for a short time 1s required, the output limiting section
104 sets the output limit value to a higher short-time output
value Pp. When the voltage data V (n) from the voltage
measuring section 102 1s decreased to the first discharging
termination voltage V1 during short-time discharging, the
output limiting section 104 lowers the short-time output
value Pp with reference to the LUT 1041 according to the
temperature data T (n) from the temperature measuring
section 103, so that the battery voltage 1s increased to the
second discharging termination voltage V2 within seconds,
and transmits the obtained output limit mnformation Pout to

the vehicle ECU.
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On the other hand, when being notified from the vehicle
ECU that a normal output for a long time 1s required, the
output limiting section 104 sets the output limit value to a
normal output value Pn lower than the short-time output
value Pp. When the voltage data V (n) from the voltage
measuring section 102 1s decreased to the second discharg-
ing termination voltage V2 during long-time discharging,
the output limiting section 104 lowers the normal output
value Pn with reference to the LUT 1041 according to the
temperature data T (n) from the temperature measuring
section 103, so that the battery voltage 1s increased to the
second discharging termination voltage V2, and transmits
the obtained output limit information Pout to the vehicle
ECU.

In order to cancel limits on output, the output limiting
section 104 sets the short-time output value Pp and the
normal output value Pn to the same value, and decreases the
output limit value every time the battery voltage reaches the
second discharging termination voltage V2 until the battery
voltage 1s 1ncreased to an output limit canceling voltage
(V3=15.5V, for example).

Next, a processing procedure for output control in the
battery pack system configured as described above will be
described with reference to FIGS. 2 and 3.

FIG. 2 1s a flow chart showing a processing procedure 1n
a method for controlling an output of a secondary battery
according to the present embodiment. FIG. 3 1s a diagram
showing an example of a change with the passage of time 1n
the battery voltage Vb (voltage data V (n)) during short-time
discharging, the short-time output limit value Pp, and the
normal output limit value Pn 1n the output control method of
the present embodiment.

In FIG. 2, mitially, the voltage data V (n) 1s measured, and
it 1s determined whether or not the measured voltage data V
(n) 1s decreased to an output limit preparatory voltage
(V0=13.0 V, for example) 1n a normal mode (time interval
T1 1 FIG. 3) (S201). In the case where 1t 1s determined 1n
Step S201 that the voltage data V (n) has reached the output
limit preparatory voltage VO (Yes: time interval T2 1n FIG.
3), time count 1s performed, and 1t 1s determined whether or
not count to an output limit start time (e.g., for about 10
seconds) 1s completed (S202). In the case where 1t 1s
determined 1n Step S202 that count to the output limait start
time has been completed (Yes), an output limit mode 1s
started, where 1t 1s determined whether or not the voltage
data V (n) 1s equal to or lower than the first discharging
termination voltage V1 (e.g., 9.6 V), which corresponds to
short-time discharging (5203).

In the case where 1t 1s determined 1n Step S203 that the
voltage data V (n) 1s higher than the first discharging
termination voltage V1 (No), the process branches to Step
S206 where 1t 1s determined whether or not the voltage data
V (n) 1s equal to or lower than the second discharging
termination voltage V2 (e.g., 12.0 V), which corresponds to
long-time discharging. In the case where 1t 1s determined 1n
Step S206 that the voltage data V (n) 1s equal to or lower
than the second discharging termination voltage V2 (Yes:
time interval T3 1n FIG. 3), normal output limit processing
1s performed (5207). In the normal output limit processing
in Step S207, the output limit value Pn corresponding to
long-time discharging 1s decreased with respect to time
count so that the rated output 1s decreased by a predeter-
mined amount (time intervals T3 and T4 1n FIG. 3).

On the other hand, 1n the case where it 1s determined 1n
Step S203 that the voltage data V (n) 1s equal to or lower
than the first discharging termination voltage V1 (Yes), the
output limit value Pp during short-time discharging and the
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output limit value Pn during long-time discharging are set to
the same value (e.g., from respective initial values of 28 kW
and 20 kKW to 10 kW), and the output limit value 1s decreased
to achieve a predetermined decrease 1n rated output (e.g., -2
kW/second at the maximum), so that the battery voltage
returns to the second discharging termination voltage V2
within seconds 1n normal output limit processing (5204) and
short-time output limit processing (S205) (time interval TS
in FIG. 3).
The output limit value 1s decreased 1n this way, and 1n the
case where 1t 1s determined 1 Step S206 that the voltage
data V (n) 1s higher than the second discharging termination
voltage V2 (No), then, the process branches to Step S208
where 1t 1s determined whether or not the voltage data V (n)
1s equal to or higher than the output limit canceling voltage
V3 (e.g., 15.5 V). In the case where 1t 1s determined 1n Step
S208 that the voltage data V (n) 1s equal to or higher than the
output limit canceling voltage V3 (Yes), the output limuit
value Pp during short-time discharging and the output limit
value Pn during long-time discharging are set to their initial
values, and limits on output are canceled 1n normal output
limit canceling processing (S209) and short-time output
limit canceling processing (5210).
As described above, according to the present invention,
the output value of the secondary battery can be set appro-
priately upon request of the vehicle such as an HEV by using,
two pieces of information, 1.e., the short-time output infor-
mation and the normal output information. For example, by
allowing the vehicle to have a high output for a short time,
the secondary battery also can be used to start the engine,
change the gear, and the like.
What 1s claimed 1s:
1. An apparatus for controlling an output of a secondary
battery, comprising:
a voltage measuring section for measuring a terminal
voltage of a secondary battery as voltage data; and

an output limiting section for limiting discharging of the
secondary battery so as not to exceed a limit value of
output electric power and for changing the limit value
of output electric power when the voltage data from the
voltage measuring section reaches a predetermined
discharging termination voltage,

wherein the output limiting section has short-time output

information for setting operation to allow short-time
discharging at higher power of the secondary battery
and normal output information for setting operation to
allow long-time discharging at lower power of the
secondary battery,

the discharging termination voltage comprises a first

discharging termination voltage during short-time dis-
charging under the operation with the short-time output
information and a second discharging termination volt-
age during long-time discharging under the operation
with the normal output information, and

the first discharging termination voltage being set to be

lower than the second discharging termination voltage.

2. An apparatus for controlling an output of a secondary
battery, comprising;:

a voltage measuring section for measuring as voltage

data, a terminal voltage of a battery pack that includes
a combination ol a plurality of cells as secondary
batteries and 1s used 1n an intermediate state of charg-
ing; and

an output limiting section for limiting discharging of the

secondary battery so as not to exceed a limit value of
output electric power and for changing the limit value
of output electric power when the voltage data from the

10

15

20

25

30

35

40

45

50

55

60

65

8

voltage measuring section reaches a predetermined
discharging termination voltage,

wherein the output limiting section has short-time output
information for setting operation to allow short-time
discharging at higher power of the secondary battery
and normal output information for setting operation to
allow long-time discharging at lower power of the
secondary battery,

the discharging termination voltage comprises a first
discharging termination voltage during short-time dis-
charging under the operation with the short-time output
information and a second discharging termination volt-
age during long-time discharging under the operation
with the normal output information, and

the first discharging termination voltage being set to be
lower than the second discharging termination voltage.

3. A battery pack system, comprising;:

the apparatus for controlling an output of a secondary
battery of claim 2; and

a battery pack.

4. The battery pack system according to claim 3, wherein
the apparatus for controlling an output of a secondary
battery 1s configured as a computer system.

5. A motor-driven vehicle on which a battery pack system
including the apparatus for controlling an output of a sec-
ondary battery of claim 2 and a battery pack 1s mounted.

6. The motor-driven vehicle according to claim 5, wherein
the apparatus for controlling an output of a secondary
battery 1s configured as a computer system.

7. A method for controlling an output of a secondary
battery, comprising:
measuring a terminal voltage of a secondary battery as
voltage data;

changing a limit value of output electric power from the
secondary battery when the voltage data reaches a
predetermined discharging termination voltage; and

discharging of the secondary battery being limited so as
not to exceed the limit value,

wherein short-time output information for setting opera-
tion to allow short-time discharging at higher power of
the secondary battery and normal output information
for setting operation to allow long-time discharging at
lower power of the secondary battery are provided,

the discharging termination voltage comprises a {irst
discharging termination voltage during short-time dis-
charging under the operation with the short-time output
information and a second discharging termination volt-
age during long-time discharging under the operation
with the normal output information, and

the first discharging termination voltage being set to be
lower than the second discharging termination voltage.

8. A method for controlling an output of a secondary
battery, comprising:

measuring as voltage data, a terminal voltage of a battery

pack that includes a combination of a plurality of cells

as secondary batteries and 1s used in an intermediate
state of charging;

changing a limit value of output electric power from the
secondary battery when the voltage data reaches a
predetermined discharging termination voltage; and

discharging of the secondary battery being limited so as
not to exceed the limit value,
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wherein short-time output information for setting opera- 9. A battery pack system, comprising;:
tion to allow short-time discharging at hjghfar power of the computer system for performing the method for
the secondary battery and normal output information controlling an output of a secondary battery of claim 8;
for setting operation to allow long-time discharging at and
lower power of the secondary battery are provided, 5

the discharging termination voltage comprises a first a battery pack.
discharging termination voltage during short-time dis- 10. A motor-driven vehicle on which a battery pack
charging under the operation with the short-time output system including the computer system for performing the
information and a second discharging termination volt- ~ method tfor controlling an output of a secondary battery ot

age during long-time discharging under the operation 10 claim 8 and a battery pack 1s mounted.
with the normal output information, and

the first discharging termination voltage being set to be
lower than the second discharging termination voltage. k% %k
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